In order to evaluate the water chemistry in the irradiation field during IASCC irradiation test, a water radiolysis code for the irradiation loop system was developed. In the water radiolysis code, a multiple node model was introduced since the irradiation loop system has a wide rage temperature distribution as well as dose distribution. To investigate applicability of the developed water radiolysis code, water chemistry at the water sampling point of the irradiation loop system was measured and compared with analytical results under several water chemistry conditions. Further, water chemistry distribution in the in-pile region as well as in the out-pile region was calculated by the developed water radiolysis code.
Introduction
Irradiation assisted stress corrosion cracking (IASCC) is recognized as an important degradation issue of the core-internal material for aged Boiling Water Reactors (BWRs). Therefore, the irradiation loop system has been developed and installed in the Japan Materials Testing Reactor (JMTR) to perform the IASCC irradiation test. In the IASCC irradiation test, water chemistry at the irradiation field is one of the most important key parameters because it affects initiation and propagation of cracks. It is, hence, important to know the water chemistry conditions which simulate BWR's beforehand in view point of advanced irradiation test. On the other hand, it is well known that the measurement of the water chemistry at the irradiation field is quite difficult. Therefore the water radiolysis code for irradiation loop system was developed based on the WRAC code (1) . In the water radiolysis code, direct generation of radiolytic species due to radiation energy deposition in the water, secondary generation and disappearance are introduced. Typicality of the water radiolysis analysis on the irradiation loop system is treatment of wide range temperature distribution, i.e. R.T. to about 561K. To treat such a wide range temperature distribution, multiple nodes model is introduced in this code. In order to confirm the applicability of the developed water radiolysis code, water chemistry in the irradiation loop was calculated. Further, experiments to measure the water chemistry of irradiation loop system were performed. Obtained experimental data were compared with the calculated result. This paper describes the modeling of the water radiolysis code for irradiation loop system and the applicability of the developed water radiolysis code.
Overview of the irradiation loop system
A schematic diagram of the irradiation loop system is shown in Fig.1 . The irradiation loop system consists of the water control unit (WCU) and capsules. Major specifications of the WCU are described in Table 1 . The WCU supplies high temperature and high pressure water in order to simulate BWR's condition. In the water conditioning tank, O 2 concentration and H 2 concentration are controlled by bubbling of mixed gas of oxygen-helium, hydrogen-helium or pure helium. Two of the three main pumps usually operate to prevent loss of flow from the safety point of view. To reduce fluctuation of flow rate, the main pump of three plungers is employed and a surge tank of forty litters is installed at outlet of the main pumps. At the downstream of the regenerative heat exchanger, feeding water line is divided into five paths to the capsules. Headers and coolers of the high capacity are employed to maintain the temperature of feeding water because 100% of flow rate should be cooled for purification and then heated again for temperature control of specimens. Instrumentation for on-line monitoring is provided and batch sampling can also be done for water chemistry analysis. In the water chemistry measurement, O 2 concentration, H 2 concentration and conductivity are measured by on-line monitoring whereas H 2 O 2 and impurities are measured by batch sampling. In the irradiation loop Table 1 Major specifications of the WCU. system, water chemistry at the outlet of the water conditioning tank, inlet as well as outlet of in-pile region can be measured.
Schematically drawn cross section of a capsule (2) , (3) is shown in Fig.2 . A capsule contains several types of irradiation specimens such as compact tension (CT) specimens, uniaxial constant load (UCL) specimens and so on. Temperature of test specimens is controlled by the saturation temperature of feeding water. By controlling the water pressure, temperature of all specimens in a capsule is controlled within the range from 535K to 575K during irradiation experiments. 
Development of Water Radiolysis Code
In order to evaluate the water chemistry in the irradiation loop system, the water radiolysis code (WRAC-JM) was developed based on the WRAC code (1) . In the WRAC-JM code, direct generation of radiolytic species due to radiation energy deposition in the water, secondary generation and disappearance caused by their interaction, interaction with surfaces are introduced. Further, a multiple node model has been introduced since the irradiation loop system has a wide rage temperature distribution as well as the dose distribution. (4) of radiolytic species at 558K employed in this study are shown in Table 2 . The third and forth terms are secondary generation and disappearance by their interaction. The fifth and sixth terms are generation and disappearance with surface. The seventh and eighth terms are connection with adjacent nodes. Schematic diagram of node connection is shown in Fig.3 . As shown in this figure, initial condition of the adjacent node is given by following simple formula;
:initial concentration at node j (mol/l), C i j-1,out : output concentration at node j-1 (mol/l). It should be mentioned at the node connection that temperature difference at each node causes density change, therefore concentration is compensated based on the temperature at node as follows; One of the typicality on calculation of the irradiation loop system is wide range temperature distribution from R.T. to about 573K. To treat such a wide range temperature distribution, reaction rate constants were given by extrapolation from the 561K values assuming Arrhenius equation and activation energy as follows;
where T 0 :standard temperature (K), T i : temperature at a node (K), Q : activation energy (J/mol), k: reaction rate constant (l/mol/s), R: gas constant (8.31J/mol/K). Reaction rate constants and activation energy (4)~(6) employed in this study is shown in Table 3 .
Main components in the irradiation loop system were modeled into several regions. such as heat exchangers and pipes have temperature distribution. Therefore, such main components were divided to several nodes to introduce the temperature effect. The capsule was also modeled into several nodes in connection with the structure and fluence distribution. Modeling of the in-pile region is shown in Fig.5 . In the capsule, large amount of test specimens are installed, then input information such as surface area, volume were evaluated precisely. One through type calculation is performed for the irradiation loop system. According to the calculation model shown in Fig.4 , contents of O 2 , H 2 , H 2 O 2 and other radicals is calculated along with the water flow. In the calculation, consumption of oxidizing species due to oxidation of metallic surface is not considered because enough prefilming treatment by high temperature as well as highly oxygen concentrated water had been performed before the loop operation. 
Discussions

Water chemistry measurement
In order to evaluate water chemistry variables in the irradiation loop system, O 2 concentration, H 2 concentration and H 2 O 2 concentration are measured by online monitoring or batch sampling. In viewpoint of corrosion phenomenon, it is well known that O 2 and H 2 O 2 are important parameters because they increase the electrochemical corrosion potential (ECP) of stainless steel, whereas hydrogen decrease the ECP. At the outlet of the water conditioning tank, the water chemistry is monitored not only for evaluation but also to control O 2 concentration, H 2 concentration in supply water. In addition, outlet water as well as inlet water of the in-pile region is measured by selecting sampling selection valves as shown in Fig.1 . In the irradiation loop system, O 2 concentration and H 2 concentration are (7) was employed in the irradiation loop system. A schematic diagram of this method is shown in Fig.6 . The carrier water is supplied continuously into a mixing joint. The mixed reagent which is consisted of luminol, Co 2+ , and buffer solution and carrier water are fed into the mixing joint with the same flow rate. 20µl of sample water are fed into the mixing joint by rotating the injection valve. H 2 O 2 in the sample water reacts with the luminol on passing into the flow cell. Then the luminous intensity is measured by the chemiluminescence analyzer CLA-2100 (Tohoku Electronic Industrial Co.,Ltd.).
Evaluation
In this study, distributions of O 2 , H 2 and H 2 O 2 in the capsule as well as in the WCU were calculated using the WRAC-JM code. The absorption dose rate distribution of neutron as well as γ-ray for in-pile region is shown in Fig.7 . Values of the absorption dose rate are described in Table 4 . Major input parameters such as temperature, surface area/volume (S/V) ratio and residence time for each node in WCU and in-pile region are described in Table 5 . In this table, parameters are indicated as range (min-max) for each component. It is clear from this table that S/V ratio at the capsule is quite large compared to that of other components. In order to confirm the applicability of water radiolysis code, several cases were calculated. Calculation cases are shown in Table 6 . In this table, values mean the initial condition at the water conditioning tank and three of four cases simulate NWC condition, the rest simulates HWC conditions. Fig.8 shows comparison between measured and calculated result at the sampling point of the irradiation loop system. In this figure, horizontal- Employing the water radiolysis code, precise water chemistry at the in-pile region as well as out-pile region, relation of the initial condition of supply water and water chemistry in the in-pile region can be evaluated. In other words, important information for IASCC irradiation tests can be obtained by this water radiolysis code. However, it should be mentioned that calculated results at the irradiation field is not confirmed by the direct measurement. Hence, based on the corrosive environmental standpoint, validation by ECP measurement is expected. 
Conclusions
In this study, the water radiolysis code for irradiation loop system was developed. Calculation results obtained by the developed water radiolysis code were compared with experimental data. The comparison results on O 2 , H 2 concentration and [O 2 ] eff showed relatively good agreement between calculation results and experimental data. Further, water chemistry at the irradiation field which gives important information for IASCC irradiation research can be obtained from the water radiolysis code.
